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Abstract

The wastewater generated from textile factories is linked to one of the main water pollution problems; therefore, it is
important to reduce the pollutants in industrial effluents before their discharge into environment. The present study
was to investigate the appropriateness zeolite-x and kaolin as effective adsorbents for removal of methylene blue from
the textile wastewater. Batch adsorption experiments were carried out to assess parameters that influence the adsorption
process. The prepared zeolite-x and kaolin were characterized by Fourier Transform Infrared and X-ray diffraction
techniques. The results of this study showed that the particle size is 40.77 nm and 0.45 nm kaolin and zeolite-x
respectively. The performance of zeolite-x adsorbent is best at the optimum pH 4 with removal efficiency of 97.77% and
kaolin adsorbent at pH 6 with removal efficiency of 86.86%. The optimum contact time was obtained at 60 and 80 minutes
for zeolite—x and kaolin respectively. While optimum adsorbent dosage was obtained at 0.4 and 0.6 grams with removal
efficiency of 97.12% and 87.75% for the zeolite-x and kaolin adsorption experiment respectively. The confirmed square
sum errors values are 1.0x10“#and 1.0x107 for zeolite-x and kaolin, respectively. The Adsorption isotherms results have
well fitted to Freundlich isotherm than Langmuir isotherm. The adsorption kinetics results were best fitted the pseudo
second order model. The result shows that the zeolite-x has high removal efficiency than kaolin at the same operating
conditions. Application of this method can be economically, environmentally, and socially feasible to address
wastewater problems. Further research has to be carried out on the removal capacity of this adsorbent for organic dyes
not only from the textile industry but also from leather industries and soap industries.
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Introduction

Environmental pollutants cause major problem worldwide. Natural water conservation is vital to protect the land
and save the next generations. As discussed by Naghizadeh et al., [1] there are different types of industries such as textile,
papermaking, cosmetics, food, and leather releasing wastewaters into the environment. Among these, the textile industry
is one of the major industries in the country, largest water consumer and wastewater source. The wastewater generated
from textile factories is linked to one of the main water pollution problems [2]. Wastewater of this industry includes
chemicals, suspended solids, toxic compounds, and dyestuff, which are one of the most attention required wastewaters. The
dyestuff and pigments are about 100,000 tons commercially available and over 700,000 tons produced annually across the
world. It is estimated that 10-15% of the dye is lost during the dyeing process and released with the wastewater [3]. Arising
as a result of the rapid development of textile industries, wastewaters containing dyes are directly or indirectly discharged
into the environment as being on the increase, especially in developing countries. This contaminated water is very toxic to
humans and animals [4].

Dyes are chemicals which on binding with the material will give color to them. Dyes are also categorized as non-
ionic and ionic (e.g., cationic (basic) and anionic (reactive, acid, direct) dyes) [5]. Methylene blue (MB) is a model cationic
dye employed by industries such textile industry for a variety of purposes such as in coloring paper, dyeing cotton, wools,
silk, leather, and coating for paper stock. MB can cause eye burn which may be responsible for permanent injury to the eyes
of man as well as aquatic animals. It also has harmful effects, such as increase heartbeat, vomiting, diarrhea, irritation to the
gastrointestinal tract with symptoms of nausea, shock, mental confusion if ingested in human. It also irritates the skin when
in contact with it [6, 7]. In general, cationic dyes, such as MB, have higher toxicity levels than anionic dyes. As a result, the
removal of MB from industrial effluents has become one of the major environmental concerns [8].
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Multiples of chemical-physical methods are available, which are flocculation, coagulation, membrane filtration
and surface adsorption are used for decolorizing textile wastewaters [5]. Conventional anaerobic wastewater treatment
methods cannot remove dyes efficiently. The conventional treatment methods like electrodialysis, ion exchange, reverse
osmosis, micro- and ultra-filtration, oxidation, and solvent extraction are expensive compared with adsorption [9].
Coagulation process produces large volume of sludge and needs higher sludge disposal costs, but ion-exchange process has
not been adapted for a wide range of colors and costs. Although membrane process is effective in dyes separation, the
related investment is relatively high, and the problem of membrane fouling is still a challenge. Adsorption is the most
acceptable technique to reduce the concentration of dissolved dyes from aqueous solutions. Adsorption is a better option in
terms of cost, simplicity of design and operation, availability, effectiveness, and lack of sensitivity to toxic substances
compared with other methods. This technique is able to separate wide range of chemical compounds [10].

Zeolites are microporous, crystalline hydrated aluminosilicates (A1Os and SiOs) symmetrically stacked
tetrahedral which result in an open and stable three-dimensional honeycomb structure with a negative charge. There are
over 40 known natural zeolites and 160 synthetic zeolites have been documented. Synthetic zeolites have wider applications
than natural zeolites due to their purity and also modification of the Si/Al ratio to suit a particular application. Zeolite-x is
a synthetic counterpart of the naturally occurring mineral Faujasite and has one of the largest cavities and cavity entrances
of any known zeolites [11].

In recent times, efforts have been made to obtain more cost-effective material as adsorbent in tertiary wastewater
treatment. Kaolin (China clay) is a common low-cost natural clay and abundant adsorbent across the world, which was
investigated as an adsorbent for the removal of dyes. In aqueous solution basic dyes yield colored cations, this could be
captured on zeolite-x and kaolin by ion exchange. Its wide micropores make it useful for purification and the removal of
dye from textile wastewater [12, 13]. There is still little information on MB adsorption process utilizing zeolite-x adsorbent.
Again, there are a few studies conducted on MB removal using kaolin as a capable adsorbent. However, using textile
industrial effluent has not been evaluated by Ethiopian kaolin and zeolite-x synthesized from kaolin to removed MB.
Therefore, it might be a good candidate for removing pollutants from wastewater and sewage. In this study, efficiency of
kaolin and zeolite-x synthesized from kaolin as adsorbent to remove MB from textile wastewater was investigated.

Materials and methods

Materials

The experimental study was conducted in a batch adsorption mode in which kaolin and zeolite-x were used as an
adsorbent for the removal of MB from the textile industry, which is evaluated in a lab scale at the Dilla University chemistry
research laboratory, Ethiopia. All the chemicals, reagents, and MB powders used were in analytical grade obtained from
Sigma-Aldrich (Germany). MB was used as the adsorbate molecule in adsorption experiments (Figure 1). UV-Visible
Spectrophotometer (NV 203) is used to measure the absorbance of MB. X-ray diffraction (XRD; Philips PW 1710 PANalytical;
UK Ltd, Cambridge) and Fourier transformed-infrared spectrometry (FT-IR; Shimadzu IRAffinity-1 spectrometer; Japan)
were used to characterization of adsorbent.

Collection of raw kaolin and description of the sample study area

Three kilograms of kaolin sample was collected from Hadiya Zone, lemmo Woreda, Belessa Kebele in SNNPR,
Ethiopia. Belessa Kebele is located at a longitude of 37° 58’E and latitude of 7° 35'N in the region Southern People Nations
and the Nationalities Regional State of Ethiopia as indicated in the sample was put into dry plastic bag and transported to
Dilla University chemistry research laboratory and kept for use.
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Figure 1. Molecular Structure of methylene blue (MB)
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Pretreatment of kaolin sample

The collected kaolin sample was grounded into powder using a mortar and pestle. It was sieved with a mesh size
of 0.25 mm sieve under dry conditions and then washed with distilled water for several hours with constant stirring to
remove any impurities and soluble inorganic salts. The samples were then left to settle, separated by decantation, and then
dried in the open air until it gets dried. The kaolin adsorbent was put into dry plastic bag to prevent it from absorbing
moisture until zeolite-x preparation and further studies [14].

Synthesis of zeolite-x

Zeolite-x was synthesized in the laboratory according to the method reported by Ma et al. [15] with some
modifications. The pretreatment kaolin sample was calcined at a temperature of 900°C for 2 hours and it changed to
metakaolin. The metakaolin needs to be delaminated with concentrated hydrochloric acid (HCI) in the stoichiometric ratio
of 20 g metakaolin with 15 mL HCI and allowed to settle for 6 hours for dealumination and a solution was then treated in
250 mL conical flask using 1.5 M sodium hydroxide (NaOH) solution as active agents in the stoichiometric ratio. For 3 g
metakaolin and 50 mL NaOH in a heat resistant 250 mL volumetric flask was used and shake for 25 minutes at 270 rpm in
an orbital shaker for homogenizing then crystallize on a water bath at 50°C for 24 hours. Filter the crystal and washed with
distilled water for several times. Then to develop the zeolite framework, it was put in an oven to dry at 65°C for 57 hours.

Characterization of kaolin and zeolite-x

To confirm the crystal structure and the composition of the synthesized zeolite and kaolin, it was essential to
characterize the zeolite and kaolin. The XRD pattern of the zeolite-x which gives a measure of phase purity were recorded
on Phillips PW 1710 X-ray powder diffractometer over 20 range of 6°-50°. The diffractometer was equipped with a graphite
monochromated Cu Ka radiation source (8.987 eV; A = 1.5418 A).

The vibrational properties were investigated by FT-IR. Measurements were done using 500 scans, units of log (1/T)
(absorbance), over the IR region of 400-4,000 cm™. An air background spectrum was collected at the start of the sample
analysis. A small sample of zeolite and kaolin was centered on the zinc selenide (ZnSe) plate to ensure that it covered the
entire crystal surface, and a pressure clamp was used to apply pressure on the sample. The zeolite and kaolin samples were
analyzed three times. A background spectrum was measured before every sample to compensate for atmospheric conditions
around the FT-IR instrument [11].

Preparation of working standard solutions

For this study MB powder obtained from Sigma-Aldrich (Germany) was used as the adsorbate molecule in
adsorption experiments. Preparation of stock solution of MB was carried out by dissolving 1 g of MB in 1000 mL distilled
water to get 1000 mg/L. The intermediate solution of 100 mg/L of MB was prepared from the stock solution of 1000 mg/L by
using dilution law. Further, 1, 5, 10, 15, and 20 mg/L of working standard solutions of MB were prepared from the
intermediate dye solution by dilution. The working standard solution was prepared by adding real sample solution.

Spectrophotometric determination of methylene blue (MB) in textile wastewater sample

To determine concentration of MB in the textile wastewater, five series of standard MB solutions of (1, 5, 10, 15, 20
mg/L) were prepared by diluting the intermediate solution of MB with distilled water. Blank solution and working
standards were run in UV-Vis Spectrophotometer at a maximum wavelength of 665 nm and five point’s calibration curves
were established. Then, textile wastewater sample solutions were taken to the UV-Vis spectrophotometer and direct
readings of the sample absorbance were recorded and the concentration of the sample was calculated from the standard
calibrated equation.

Batch adsorption experiment

Batch mode adsorption studies for individual parameters were carried out using 250 mL conical flask. The effects
of different parameters such as pH, contact time, adsorbent dose and adsorbate concentration were investigated by varying
any one of the parameters and keeping the other parameters constant and study adsorption isotherms, adsorption kinetics
to determine how the change in removal capacity induced by these factors. For each measurement, samples were
periodically taken out of the flask then shake and filtered using a Whatman filter paper (India). The investigated ranges of
the experimental variables were as follows: initial concentrations (1, 5, 10, 15, and 20 mg/L), pH of solutions (2, 4, 6, 8, and
10), and adsorbent dosage (0.04, 0.2, 0.4, 0.6, and 0.8 g) and contact time (20, 40, 60, 80, and 100 minutes). The absorbance of
the filtrate solutions was determined using UV-visible Spectrophotometer at the maximum wavelength of 665 nm and it is
possible to calculate the removal efficiency and capacity of kaolin and zeolite-x by using the Equation 1. [16].

x100 10

Removal efficiency (%) = %
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Where Cois the initial concentration (mg/L) and Ceis residual (equilibrium) concentration (mg/L) of the MB being studied.
The removal capacity of the kaolin and zeolite-x are the amount of MB adsorbed per unit mass of adsorbent was calculated
based on the mass balance principle using Equation 2.

Removal capacity(q,) = % X v @)

Where ge is the removal capacity (mg of MB removed/g of adsorbents) ,V is the volume of solution used (mL), and m is the
mass of adsorbent used (g). [17, 18].

Method validation (percent recovery)

In order to evaluate the analytical applicability of the method, determination of MB in water samples. The validity
of the optimized parameters was checked by adding the samples with a standard of known concentration of the analyte MB
(1 mg/L) in to 12.5 mL of the textile wastewater sample. The recovery test can be calculated by using Equation 3.

R - (Ctotal _Cfound) 100 (3)

Cadded

Where Crotal, Cfound, and Cadded are the concentrations of analyte after addition of known amount of standard in the real sample,
the concentration of analyte in real sample and the concentration of known amount of standard which was mixed to the real
sample, respectively.

Adsorption isotherms

Adsorption isotherms were investigated to evaluate the applicability of the adsorption process for the removal of
MB from industrial wastewater. The interactions between the adsorbate and adsorbents were also be described by several
models for the adsorption isotherms, based on a set of assumptions that are mainly related to the
heterogeneity/homogeneity of adsorbents, the type of coverage and possibility of interaction between the adsorbate species.
The most commonly used equilibrium models are Langmuir and Freundlich isotherms [19-21]. Therefore, adsorption
isotherm experiments were conducted to examine the relationship between the solid phase and the solution phase
concentration of the adsorbate at an equilibrium condition.

Adsorption kinetic studies

In order to investigate the adsorption rate processes, the most common models used to fit the kinetic adsorption
experiments are pseudo-first-order model and pseudo-second-order model was used: The kinetics of adsorption describes
the solute uptake rate, which in turn governs the residence time of adsorption reaction. It is one of the important
characteristics in defining the efficiency of adsorption.

Error analysis method
Calculating a square sum of errors (SSE) values can determine which kinetic model appropriately explained the
behavior of adsorbents and also decide which model is best fit for the particular system [22, 23].

Results and discussion

Characterization using Fourier transform infrared (FT-IR) analysis

The FT-IR spectrum of zeolite-x and kaolin (Figure 2) depicted the functional groups present on the zeolite-x and
kaolin that could be responsible for the removal of MB from textile wastewater. FT-IR spectroscopy is used to probe the
structure of zeolite-x and kaolin also monitor reactions in zeolite pores. Specifically, structural information can be obtained
from the vibrational frequencies of the zeolite lattice observed in the range between 400 cm™ and 1650 cm™. The bands in
the 3854 cm correspond to the hydroxyl groups at the surface of the octahedral layers that interact with the oxygen atoms
of the adjacent tetrahedral layers [24]. The FT-IR spectrum bands at 3692 cm™ and 3650 cm™ for kaolin and zeolite-x,
respectively, correspond to the OH stretching vibrations of the surface and inner Al-OH groups of kaolinite [25, 26]. The
peak that corresponds to Si-O-Si functional groups are grouped in sharp peaks at 1034 cm™ and 1094 cm™ can be ascribed
to the stretching vibrations of the Si-O-Si of kaolinite or quartz. The peak that corresponds to Si-O-5i groups is grouped in
a single large band at 1094 cm-! which also attributed to amorphous silica [27, 28]. A broad absorption bands at 3448 cm™!
and 3447 cm-! indicating the presence of bonded -O-H group or adsorbed water molecules in the kaolin and zeolite-x sample,
respectively [29]. The presence of adsorbed water molecules is supported by the absorption band located at 1654 cm-!
commonly assigned to bending vibration of adsorbed water molecule [30]. Bands arising to stretching vibration mode of Si-
O-Alis indicated by the presence of an absorption band at 542 cm~! and the band at 1400 cm™ C=C- bond stretch in aromatic
compounds [27, 28]. Asymmetric and symmetric Si-O-Si stretching vibrations due to silica were present at 1034 cm™ and 809
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cml, respectively [31]. The IR-spectral data of the synthesized zeolite double ring opening vibration 563 cm in the FT-IR
spectrum of the synthesized zeolite is near to 566 cm™, which is a characteristic to faujasite [32]. The existence of functional
groups Si, Al, and O observed in the spectrum, it was concluded that the formation of Zeolite framework was confirmed by
FT-IR. The FT-IR spectrums of the prepared zeolite-x and kaolin have well consistent with that of the reported in the
literatures as indicated in Table 1.

Characterization using X-Ray diffraction (XRD) analysis

The amorphous nature of the zeolite-x and the crystalline nature of kaolin were determined by using the intensity
of the observed rays with respect to scattering angle (20). The characteristic of broad peaks on the pattern of zeolite-x at 20
values 6°, 11.94°, 23.1°, 25.54° and 28.94°. Similar data was reported in the literature [11]. In addition, the peaks of kaolin at
20 value of 12.38°, 20.92°, 26.72°, 36.04° and 38.54° mostly shows crystal structure and less amorphousness structure when
compared with zeolite-x structure. Similar findings have been previously reported by a literature [29].

The XRD patterns showed that the intense sharp peak at 20 26.72° of kaolin indicating the presence of quartz and
more crystal structure (Figure 3). The broad peaks found at around 25.54° and 23.1° for zeolite-x which confirms that the
samples are amorphous or may have micro porous structure, which is considered as suitable for MB adsorption. During
synthesized of zeolite-x the concentrated hydrochloric acid was used. This is delaminated metakaolin as well as crystalline
zeolite-x change into amorphous. Therefore, adsorption capacity is enhanced because surface area to volume ratio increased.
Previously, reported work is agreed with literature [35]. The XRD spectra were analyzed using Origin 6.0 software and the
crystallite domain size was calculated from the width of the peaks, using Scherrer’s formula [36].

According to the Scherer calculation, the synthesized zeolite-x grain size obtained was less than 2 nm (0.45 nm) which
is considered as micropores amorphous domain with greater number of adsorption sites and higher adsorption efficiency
whereas the particle size of kaolin are in between 2-50 nm (40.77 nm) considered as Mesoporous crystalline structure and
less amorphousness structure with greater particle size, contain lower surface area this indicates that lower adsorption
efficiency than zeolite-x. [37].

Calibration curve for methylene blue (MB) standard solution

The efficiency of adsorption is dependent on the solution pH because variation in pH leads to the variation in the
degree of ionization of the adsorptive molecule and the surface properties of adsorbent. It is evident that both zeolite-x and
kaolin were efficient in adsorbing the MB from textile wastewater solution. However, the synthesized zeolite-x showed
higher removal efficiency than kaolin as shown in Figure 4. The results obtained in this study are in line with other articles
[7, 38]. Higher percentage of adsorption is due to the electrostatic attraction between the negatively charged sites of the
adsorbents and the positively charged MB dye molecules [39]. That is at the pH 4 and pH 6 for zeolite-x and kaolin
respectively the negatively charged adsorbent sites increased which enhances the adsorption of positively charged MB
cations through electrostatic force of attraction. Above this pH, adsorption process slightly decreased due to weakening of
electrostatic force of attraction between the oppositely charged adsorbate and adsorbent [40]. While at lower pH values less
than 4 and 6 in the case of zeolite-x and kaolin respectively the number of negatively charged adsorbent sites decreased and
the number of positively charged surface sites increased, which did not favor the adsorption of cationic MB dye due to the
electrostatic force of repulsion. The results are in line with [41, 42].

Table 1. Comparison Fourier transformed infrared spectrometry (FT-IR) data of the synthesized zeolite-x and
kaolin with literature value.

FT-IR data (cm?)

Functional group 5 5 5 Reference
Kaolin Zeolite-x Literature

O-H stretching vibration 3692 3854 3694 [33]

O-H adsorbed water molecule 3448 3447 3447 [29]
Al-OH stretching group of kaolinite 3650 3622 [25, 26]

H:>0-adsorpition band 1654 1645 [30]

-C=C- bond in aromatic compounds 1400 1400 1430 [28]

Si-O-Si stretching 1094 1075 [20]

asymmetric Si-O-5i stretching 1034 1035 [34]

symmetric 5i-O-5i stretching 809 797 [34]

Si-O-Al bond 542 536 [27]
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The calibration curve was obtained by preparing five MB solutions in different concentrations (1 mg/L, 5 mg/L,
10 mg/L, 15 mg/L and 20 mg/L) mixed with wastewater sample, and plotted absorbance vs. concentration. The correlation
coefficient of the calibration curve for MB standard solution clearly shows the calibration curves with good correlation
coefficient. The results were found to be linear over the concentration range studied. The slope and the regression lines were
similarly indicative of similar detector calibration sensitivity for analyte.

Spectrophotometric determination of methylene blue (MB) in the real sample of textile wastewater

The concentration of MB solution before and after adsorption was determined by measuring absorbance using
UV-Visible spectrophotometer at the maximum wavelength of 665 nm. The calibration equation, MB concentration before
and after adsorption values were calculated from absorbance. The amount of adsorbed MB was measured at optimum
conditions of pH 4 and 6, adsorbent dosage 0.4 g and 0.6 g, contact time 60 and 80 minutes, and initial of MB concentration
1 mg/L using zeolite-x and kaolin, respectively.

Adsorption experiments
Effect of pH on the removal of methylene blue (MB)

The effect of pH on the percentage of the MB removal is under at different values of pH ranging from (2-10) while
keeping all the other parameters constant: contact time (60 min), dosage (0.4 g) and the initial metals concentration (10 mg/L).
It has been seen that the percentage of MB removal was found to be high at the pH of 4 (97.77%) in the case of zeolite-x
adsorbent and the percentage removal of MB was high at pH 6 (86.86%) in the case of kaolin adsorbent at fixed MB
concentration (10 mg/L).
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Figure 2 FT-IR spectra of (a) kaolin and (b) the synthesized zeolite-x
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Figure 3. X-Ray diffraction (XRD) patterns of (a) kaolin and (b) the synthesized zeolite-x

Page 6 / 13 http://eaht.org



Mulushewa et al. | Removal of methylene blue from textile wastewater

Effect of contact time on the removal of methylene blue (MB)

The effect of contact time on the removal of MB onto the zeolite-x and kaolin at different experimental time is
given in Figure 5. The rate of color removal of adsorbents was rapid up to optimum time and then after it proceeds at a
slower rate and finally attains saturation after reaching to equilibrium. The rate of removal efficiency was higher in the
beginning due to the large surface area of the adsorbents available for the adsorption of methylene blue. After a certain
periods, only a very low increase in the MB removal was observed as there are few active sites on the surface of adsorbent
which is consistent with the results obtained by [17, 43]. From the contact time studied, it was found that 60 and 80 minutes
for zeolite-x and kaolin of agitation time are sufficient to reach equilibrium when 10 mg/L of MB concentration was
employed. It is evident that both zeolite- x and kaolin were best in adsorbing MB from textile wastewater solution. However,
the synthesized zeolite-x higher removal efficiency than kaolin.

Effect of adsorbent dosage on the removal of methylene blue (MB)

Adsorbent dose is an important parameter in adsorption studies as it gives the optimum dosage at which
maximum adsorption occurs. The effect of adsorbent dosage on the adsorption of MB is shown in Figure 6. It was observed
that adsorption of MB increased with the increasing the adsorbent dosage. The reason behind is as the adsorbent dosage
increases, the surface area of the adsorbent will increase and more adsorption sites were available to absorb the MB from
the water sample and then attained a value at equilibrium [39]. In the zeolite-x experiment, 97.11% removal efficiency was
observed at optimum adsorbent dosage of 0.4 g and kaolin adsorbent removed 87.75% of MB at optimum dosage of 0.6 g at
fixed MB concentration (10 mg/L) containing 25 mL of solution.
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Figure 4. Effect of pH on the removal of methylene blue (MB) by (a) kaolin and (b) zeolite-x
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Figure 5. Effect of contact time on the removal of methylene blue (MB) by (a) kaolin and (b) zeolite-x
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Figure 6. Effect of adsorbent dosage on the removal of methylene blue (MB) by (a) kaolin and (b) zeolite-x

Effect of initial concentration on the removal of methylene blue (MB)

The result shows that removal efficiency was decreased with increasing of initial concentrations, although the amount of
total MB accumulation increased. From this experiment it was observed that about 97.77% and 86.64% of MB was removed
at initial concentration of 1 mg/L by using zeolite-x and kaolin adsorbents respectively at same operating condition shown
in (Figure 7). The percentage of MB removal decreases with an increase in the initial dye concentration, which may be due
to the saturation of adsorption sites on the adsorbent surface. At a low initial concentration, there will be unoccupied active
sites on the adsorbent surface, so most of the MB solution might contact active sites of adsorbents. However, at higher
concentration most of the dye was not able to contact with the active surfaces because the active sites might have been
occupied by the MB solution, which is consistent with the results obtained by [36, 44, 45].

Method validation (percent recovery) Test for methylene blue (MB) in the textile wastewater

Method validation is the process of providing that analytical method is acceptable for its intended purpose. The
percentage recovery of the analyte was calculated and percentage recoveries for MB in water samples is 99.8%, which are
within the acceptable range (100£10), obeys the Beer-Lambert law. This confirms that, the laboratory performance for the
analyte is in control and the optimized procedure is valid. Therefore, the optimized adsorption was valid for water samples
and is believed to remove MB from textile wastewater solution. Results of the recovery experiments shows the percentage
recoveries for the MB 99.8% is within the acceptable range (100+10%) verifying the validity of the method for MB analysis
including the Spectrophotometric instrument and the standard solution of MB used for the determination of its
concentration in the textile wastewater.
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Figure 7. Effect of initial concentration on the removal of methylene blue (MB) by (a) kaolin and (b) zeolite-x
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Adsorption isotherms
The Langmuir adsorption isotherm

Langmuir adsorption isotherm is based on the formation of homogeneous monolayer coverage on the adsorbent
surface, uniform energy of adsorption, and no interaction between molecules adsorbed on neighboring sites. The essential
characteristics of the Langmuir equation can be expressed in terms of a dimensionless separation factor (Rc) [33, 45].

For working concentrations 1 mg/L, 5 mg/L, 10 mg/L, 15 mg/L and 20 mg/L the maximum adsorption capacity
(qm) were 1.93 and 1.65 for zeolite-x and kaolin, respectively, and the calculated energy of adsorption constant (Kr) values
is 1.18 L/mg and 0.16642 L/mg for zeolite-x and kaolin, respectively, indicated that the adsorption efficiency of the two
adsorbents were good. According to the Langmuir model the Rt values calculated as 0.04 and 0.23 were obtained between
0 and 1 for zeolite-x and kaolin, respectively, which confirmed that the adsorbents adsorbing MB from textile wastewater is
favorable under the conditions applied in this study. And the correlation coefficient R?=0.972 and R?=0.995 as indicated in
for zeolite-x and kaolin, respectively, showed the linearity of the data and the Langmuir isotherm model fit the
homogeneous nature of kaolin better than zeolite-x surfaces.

The Langmuir isotherm has also been used in the determination of the specific surface area. Since the Langmuir
theory assumes monolayer coverage of the adsorbent’s surface, the area can be calculated using physical constants. The
specific surface areas of the two adsorbents were calculated. According to the results, zeolite-x has the largest specific surface
area (7,146 m?/g), and it shows better adsorption capacity than kaolin with specific surface areas (6,119 m?/g). These results
are in agreement with previously reported data [48].

The Freundlich adsorption isotherm

Freundlich adsorption isotherm is based on the formation of heterogeneous surface or surfaces supporting sites
of varied affinities, and it is assumed that the stronger binding sites are occupied first and that the binding strength decreases
with increasing degree of site occupation. Freundlich isotherm model is the earliest known relationship describing the non-
ideal and reversible adsorption, not restricted to the formation of monolayer. This empirical model can be applied to
multilayer adsorption, with non-uniform distribution of adsorption heat and affinities over the heterogeneous surface [47,
49].

A smaller value of Freundlich equation coefficient 1/n points out a better adsorption mechanism and formation
of relatively stronger bond between adsorbate and absorbent. If 1/n < 1, bond energies increase with surface density, if 1/n
>1, bond energy decreases with surface density and if 1/n =1 all surface sites are equivalent. The n values lying in the range
of 1-10 for classification as favorable adsorption. [46].

In this study the calculated values of Freundlich equation coefficient n (n=1.3 for zeolite-x and 1.2 for kaolin) was
greater than 1, which indicating that the adsorption process is favorable. It is clearly seen that Freundlich model is better fit
in the case of zeolite-x adsorption than Langmuir model since it has the higher value of R?=0.999 in comparison with R? =
0.972. In addition, Freundlich model is better fit in the case of kaolin adsorption than Langmuir model since it has the higher
value of R? =0.998 in comparison with R? = 0.995 as indicated in and from the Freundlich constant (Kr) values of zeolite-x
better adsorption than kaolin this is because high value of Kr shows that high adsorption 1.1 is greater than 0.22. The values
of the constants and calculated parameters of the isotherms showed in the Table 2.

Adsorption kinetic studies
Pseudo—first order kinetics

The kinetics of MB adsorption onto zeolite-x and kaolin analyzed using pseudo-first order kinetic model. The
conformity between experimental data (0.61) and the calculated value (0.08) shows disagreement therefore less favorable
model for adsorption of MB onto the adsorbents as shown Table 3 [7, 21].

The pseudo second-order kinetics

The adsorption mechanism over a complete range of the contact time is explained by the pseudo-second order
kinetic model. R? value comes closer to unity in the case of the pseudo-second order kinetic model (0.999 and 0.995) which
are higher than of the pseudo-first order kinetic model (0.97 and 0.98) for zeolite-x and kaolin, respectively. From the result
pseudo-second order kinetic model has the higher value of correlation coefficient confirms better fitting the experimental
adsorption data than the pseudo-first order kinetic model as shown in Table 3.

Error analysis value

From SSE values the pseudo-second order kinetic has lower SSE value and it indicates that the adsorption process
appropriately explain the behavior of both adsorbents better fit the pseudo-second order kinetic than pseudo-first order
kinetic due to the fact that the lowest value of SSE is the best model for the particular system which is consistent with the
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Table 2. Langmuir and Freundlich isotherm for adsorption of MB onto zeolite-x and kaolin.
(gm: maximum adsorption capacity; Kv: calculated energy of adsorption constant; R% correlation coefficient; Ru:
dimensionless separation factor; Kr: Freundlich constant; n: Freundlich equation coefficient)

Zeolite -X Kaolin
Langmuir Freundlich Langmuir Freundlich
qm 1.93 Kr 1.1 qm 1.65 Kr 0.22
Ko 1.2 n 1.3 Ko 0.2 n 1.2
R? 0.972 R? 0.999 R? 0.995 R? 0.998
Ru 0.04 Ru 0.23

Table 3. Pseudo-first and second order kinetics for adsorption of methylene blue (MB) onto zeolite-x and kaolin.

Zeoite-X Kaolin
Pseudo-first order Pseudo-second order Pseudo-first order Pseudo-second order
de (experimental) 0.61 0.61 0.54 0.54
e (calculated) 0.08 0.62 0.3 0.57
K 0.04 1.23 0.05 0.4
R? 0.97 0.999 0.98 0.995
SSE 0.5 1.1x10* 0.14 1.2x10°

results obtained by literatures [23, 42]. The obtained values of SSE from the experimental and calculated ge value of
adsorption kinetics and the results also listed in Table 3.

Conclusion and recommendation

In this study, the use of the zeolite-x synthesized from Ethiopian kaolin as adsorbents for the removal of MB from
textile wastewater has been studied. The structural properties of the adsorbents were analyzed by FT-IR and XRD
techniques. The amounts of dyes adsorbed were found to vary with contact time, adsorbent dosage, pH, and initial dye
concentration. The study showed that both adsorbents are a good for MB removal from textile wastewater. However, when
we compare the adsorbents, zeolite-x is the best in removing MB from textile wastewater than kaolin. The maximum
removal efficiency of the MB the zeolite-x and kaolin from solutions occurred at optimum condition of pH 4 and 6, adsorbent
dosage 0.4 g and 0.6 g, contact time 60 and 80 minutes, and initial concentration = 1 mg/L. The equilibrium adsorption data
are best fitted by the Freundlich model as compared to Langmuir. Values of the equilibrium parameter Rt from Langmuir
isotherm and n values from the Freundlich isotherm have indicated that the adsorption process is favorable. The kinetic of
adsorbate-adsorbent interactions can be represented by the pseudo-second order model. The results demonstrated that the
kaolin nanoparticle is a suitable precursor for the preparation of an adequate zeolite-x for MB removal from textile industrial
effluents. Kaolin and zeolite-x is low cost and environment friendly for the removal of MB from textile wastewater. Further
studies could be undertaken to improve the removal efficiency of the adsorbent by continuously optimizing additional
parameters such as ionic strength effect, solvent selection, synthesis method, post-treatment method and different industries
that may be the source of organic dye should be analyzed.
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